Abstract Given a matrix of weights, the Linear Ordering Problem (LOP) consists of finding a permutation of the columns and rows in order to maximize the sum of the weights in the upper triangle. This well known NP-complete problem can also be formulated on a complete weighted graph, where the objective is to find an acyclic tournament that maximizes the sum of arc weights. The variant of the LOP that we target here was recently introduced and adds a cumulative non-linear propagation of the costs to the sum of the arc weights. We first review the previous methods for the LOP and for this variant with cumulative costs (LOPCC) and then propose a heuristic algorithm for the LOPCC, which is based on the Tabu Search (TS) methodology. Our method achieves search intensification and diversification through the implementation of both short and long term memory structures. Our extensive experimentation with 224 instances shows that the proposed procedure outperforms existing methods in terms of solution quality and has reasonable computing-time requirements.
Introduction
Given a matrix of weights C = {c ij } n×n , the LOP consists of maximizing the expression:
where p i is the index of the column (and row) in position i in the permutation. In the LOP, the permutation p provides the ordering of both the columns and the rows. The equivalent problem in graphs is that of finding, in a complete weighted graph, an acyclic tournament with a maximal sum of arc weights [17] .
Bertacco et al.
[5] introduced a variant of this problem referred to as the Linear Ordering Problem with Cumulative Costs (LOPCC). Given a complete digraph with nonnegative node weights d i and nonnegative arc costs c ij , the objective of the LOPCC is to find a Hamiltonian path p = (p 1 , p 2 , . . . , p n ) and the corresponding node values α i that minimize the expression:
where
The cumulative backward computation of the α-values, from n to 1, makes the objective function nonlinear. The bounded version of this problem, in which α i ≤ U for all i, is referred to as Bounded Linear Ordering Problem with Cumulative Costs (BLOPCC).
The optimization of the universal mobile telecommunication standard (UMTS) in mobile-phone telecommunication systems is an application of the LOPCC [16] . In this context, mobile terminals (MTs) communicate simultaneously with a common base station. In order to distinguish among the signals of different MTs, UMTS adopts the so-called code division multiple access technique, where each terminal is identified by a specific code. In real situations, the MTs partially interfere with each other due to distortions introduced by radio propagation. The successive interference cancellation (SIC) is a very effective technique for interference reduction. SIC sequentially detects MTs following a predetermined order and removes the associated interference, improving the detection capability for the next users. If we define α i as the power level at which user i must transmit his/her data and c ij as the power of interference generated from user i to user j , the optimal solution to the corresponding LOPCC minimizes the overall transmission power (i.e. maximizes the duration of the MT batteries) while ensuring a proper reception for all users.
As stated in [5] , a practical problem that arises in telecommunications and motivates the LOPCC is the joint power-control and receiver optimization (JOPCO). Given a set of users {1, 2, . . . , n}, the interference factors c ij for each pair of users
